Previous studies suggested that activation of the innate immune system impairs the induction of transplantation tolerance, but the responsible inflammatory mediators have not been identified. In this study, we examined whether IL-6 and TNF-␣ promote resistance to transplantation tolerance. Using a highly immunogenic murine skin allograft model, we found that the absence of both IL-6 and TNF-␣ in the graft recipient synergized with co-stimulatory blockade to induce tolerance. Furthermore, IL-6 and TNF-␣ acted together to promote T cell alloimmune responses both in vitro and in vivo and to impair the ability of regulatory T cells to suppress effector T cell alloimmunity. In addition, deficiency of recipient IRAK-M, a negative regulator of certain innate immune pathways, augmented cellular IL-6 and TNF-␣ responses and impaired the ability of co-stimulatory blockade to extend allograft survival. In summary, IL-6 and TNF-␣ synergistically impair the efficacy of therapies that promote allograft acceptance.
Studies have demonstrated that innate immunity and inflammation are involved in acute allograft rejection and transplantation tolerance. [1] [2] [3] [4] Specifically, activation of Toll-like receptors (TLRs), innate immune receptors, on dendritic cells (DCs) is critical for acute allograft rejection in certain experimental models. 2 Furthermore, the administration of TLR ligands prevents the induction of transplantation tolerance, 3, 4 whereas the genetic deletion of MyD88, a key TLR signal adaptor, leads to allograft acceptance induced by co-stimulatory blockade. 1 Importantly, humans who exhibit operational tolerance of kidney transplants exhibit reduced peripheral expression of MyD88 compared with transplant recipients with evidence of chronic rejection. 5 Thus, high expression of MyD88 predisposes patients to a phenotype of resistance to transplant tolerance, whereas low expression indicates a greater chance that transplant tolerance will occur; however, to test these findings in clinical transplantation trials, it is necessary to elucidate the inflammatory mediators downstream of TLR/MyD88 activation that leads to the resistance of transplant tolerance.
Previous work demonstrated that inflammatory cytokines, in particular IL-6, can impair the function of regulatory T cells (Tregs) by promoting the proliferation of effector T cells. 6 This is supported by a study demonstrating that IL-6 is necessary for the induction of experimental allergic encephalitis 7 ; however, other inflammatory cytokines play important roles on immune regulation. 8 Indeed, TNF-␣, like IL-6, promotes T cell proliferation 9 and also impairs peripheral tolerance of islets. 10 It is likely that there are redundant pathways between inflammatory cytokines in immune regulation, 11 but it is not clear whether IL-6 and TNF-␣ cooperate in preventing transplant tolerance.
Our previous work demonstrated that DCs produce both IL-6 and TNF-␣ during acute allograft rejection in a MyD88-dependent manner. 1 In particular, the administration of co-stimulatory blockade and the absence of MyD88 led to an abrogated ability of DCs to produce these cytokines during acute allograft rejection. 1 We further demonstrated that inflammatory cytokines produced by TLRactivated DCs augment T cell alloimmune responses and subsequently impair the function of Tregs. 1 Given these findings and previous work indicating that IL-6 and TNF-␣ impair immune regulation, we examined whether the absence of IL-6, TNF-␣, or both is necessary for allograft acceptance induced by co-stimulatory blockade antibody treatment. We provide in vivo evidence that the absence of both IL-6 and TNF-␣ but neither alone is critical for the ability of co-stimulatory blockade treatment to induce indefinite allograft survival. These data demonstrate that the inflammatory cytokines IL-6 and TNF-␣ cooperate to prevent immune tolerance of allografts.
RESULTS

Absence of IL-6 and TNF-␣ Synergizes with Costimulatory Blockade to Induce Allograft Acceptance
We used a highly immunogenic, in vivo experimental skin allograft model to examine the impact of IL-6 and TNF-␣ on the ability of co-stimulatory blockade to enhance allograft survival. Without co-stimulatory blockade, we found that wildtype (WT), IL-6 -deficient (IL-6 Ϫ/Ϫ ), TNF-␣-deficient (TNF-␣ Ϫ/Ϫ ), and double-deficient (IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ ) recipients rejected fully MHC-mismatched skin allografts at a similar rate ( Figure 1A) ; however, when we administered costimulatory blockade (CTLA4-Ig and anti-CD154) agents that induce donor-specific acceptance of allografts, 1, 12, 13 we found that most IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ skin allograft recipients accepted their allografts indefinitely ( Figure 1B ). In contrast, only a minority of IL-6 Ϫ/Ϫ recipients manifested delayed allograft rejection, although IL-6 Ϫ/Ϫ recipients did have a significant delay compared with WT recipients ( Figure 1B) ; however, TNF-␣ Ϫ/Ϫ recipients rejected their allografts at a similar rate as WT recipients ( Figure 1B ). In addition, we found that perioperative administration of a TNF-␣-inhibiting mAb to IL-6 Ϫ/Ϫ skin allograft recipients extended the allograft-prolonging effects of co-stimulatory blockade, whereas administration of this mAb had no effect on WT transplant recipients treated with co-stimulatory blockade (data not shown); however, IL-6 and TNF-␣ signaling within the allograft was not important for the rate of allograft rejection, in this model, because IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ -deficient allografts were rejected at a similar rate compared with WT allografts when transplanted into WT recipients, even in the presence of co-stimulatory blockade ( Figure 1C ). Thus, these data indicate that recipient IL-6 and TNF-␣ are the functionally relevant mediators of allograft rejection and act synergistically to inhibit the allograft-prolonging effects of co-stimulatory blockade in this experimental system. Evidence of synergy between IL-6 and TNF-␣ was also demonstrated when T cell responses were measured ex vivo from the experimental groups. Without co-stimulatory blockade, we , and IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ recipients (n Ͼ 3 per group) received a BALB/c skin allograft and were treated with co-stimulatory blockade (CTLA4-Ig and anti-CD154). At day 21 after transplantation, bulk T cells, CD4 ϩ and CD8 ϩ T cells, were purified from spleens and stimulated ex vivo with irradiated donor spleen cells for Ͻ24 h. T cell proliferation (D) and IFN-␥ responses were then measured (E). T cells purified from and IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ recipients manifest significantly reduced responses versus the other groups in all of the assays (P Ͻ 0.05).
BASIC RESEARCH www.jasn.org did not measure defects in T cell alloimmune responses between the experimental groups after transplantation (data not shown). In contrast, when recipients received co-stimulatory blockade, the polyclonal T cell alloimmune responses were diminished in the IL-6 Ϫ/Ϫ skin allograft recipients as compared with the WT and TNF-␣ Synergy between IL-6 and TNF-␣ Promotes T Cell Alloimmunity
We established an in vitro culture system to examine the roles of IL-6 and TNF-␣ in the inflammatory milieu, extrinsic to the T cell, during alloimmune T cell activation. Hence, we harvested conditioned medium from LPS-treated and, therefore, TLR-activated bone marrow-derived DCs (BMDCs) after confirming that the conditioned medium contained elevated levels of proinflammatory cytokines (data not shown). The use of LPS in this system was an experimental tool to produce TLR signaling-dependent cytokines by DCs. The conditioned medium was then used to culture polyclonal T cells that were stimulated with allogeneic antigen-presenting cells (APCs). Compared with T cells that were activated by allogeneic APCs in control nonconditioned medium, which did not contain inflammatory cytokines (data not shown), T cells that were stimulated in the medium harvested from TLR-activated BMDCs exhibited augmented T cell responses (Figure 2, A and B). Thus, the presence of TLR-dependent cytokines in the inflammatory milieu promotes T cell alloimmunity.
We next performed experiments to examine the role of either IL-6 or TNF-␣ on the T cell alloimmune-promoting effects of the conditioned medium in our in vitro culture system. Treatment of T cells with either an inhibitory anti-IL-6 mAb or an anti-TNF-␣ mAb reduced T cell responses during allostimulation ( Figure 2 , A and B); however, the greatest reduction in T cell alloimmune responses were noted when we treated with both IL-6 and TNF-␣ inhibitory mAbs ( Figure 2 , A and B). In this case, the T cell responses were similar to the T cell responses obtained in nonconditioned control medium. These data indicate that IL-6 and TNF-␣ cooperate to promote T cell alloimmunity in this experimental system. To determine the role of each cytokine in the promotion of T cell alloimmunity, we repeated the in vitro culture assay, but this time we harvested conditioned medium from WT, IL-
These media were used to culture T cells during stimulation with allogeneic APCs. We found that T cells that were stimulated in conditioned medium harvested from IL-6 Ϫ/Ϫ TLR-activated DCs but not from TNF-␣ Ϫ/Ϫ DCs had reduced T cell responses as compared with T cells that were allostimulated in conditioned medium from TLR-activated WT DCs ( Figure 3A ). Finally, T cells that were allostimulated in culture medium harvested from TLR-activated IL-6
DCs had defective responses, which were slightly but significantly reduced compared with T cells stimulated in the IL-6 Ϫ/Ϫ conditioned medium ( Figure 3A ). We noted that without allogeneic APCs, the conditioned medium harvested from TLR-activated BMDCs promoted T cell proliferation ( Figure 3B ) but to a lesser degree compared with when T cells were stimulated by allogeneic APCs in conditioned medium (compare ( Figure 3B ), demonstrating that IL-6 and TNF-␣ cooperate to promote Ag-specific but not nonspecific T cell proliferation.
We next performed experiments to test whether either IL-6 or TNF-␣ was sufficient to promote T cell alloimmunity. Hence, we stimulated T cells with allogeneic APCs in standard medium, which was devoid of cytokines, and either supplemented the culture with recombinant IL-6, TNF-␣, or both cytokines. Our results indicate that the presence of either IL-6 or TNF-␣ slightly increased T cell alloimmune responses (Figure 3C ). However, we noted the greatest augmentation of T cell alloimmune proliferation, compared with T cells stimulated in standard medium, occurred when both cytokines were added to the culture medium ( Figure 3C ).
Endogenous Expression of IL-6 and TNF-␣ in T Cells Is Dispensable for T Cell Alloimmunity
We next conducted experiments to examine the importance of endogenously expressed IL-6 or TNF-␣ in T cells for the induction of alloimmune responses. We stimulated WT, IL-6
TNF-␣ Ϫ/Ϫ polyclonal T cells with allogeneic APCs in standard medium that completely lacked cytokines. We found that the absence of endogenous IL-6 and/or TNF-␣ within T cells did not impair the ability of T cells to respond to allostimulation ( Figure 4A) .
We next performed an in vivo adoptive transfer experiment to examine the ability of WT or IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ T cells to induce acute allograft rejection. We transferred polyclonal WT or IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ T cells into RAG Ϫ/Ϫ mice, which contained T cells that were transgenic for an irrelevant peptide (OVA 257 to 264 ). The use of this host, as opposed to a RAG Ϫ/Ϫ host, was to limit the effects of lymphopenia-induced proliferation after adoptive transfer of T cells (data not shown). We found that when these recipients of allogeneic skin transplants received the adoptive transfer of either WT or IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ polyclonal T cells, allograft rejection occurred at similar rates ( Figure 4B ). Overall, these in vivo and in vitro data indicate that the ability of T cells to endogenously express IL-6 or TNF-␣ was dispensable for T cell alloimmune responses in this experimental system.
IL-6 and TNF-␣ Act Together to Impair the Ability of Tregs to Suppress T Effector Cell Alloimmunity
Previous work indicated that co-stimulatory blockade may mediate its allograft prolonging effects via Tregs. 1, 14 Furthermore, reports in nonalloimmune models indicate that IL-6 and TNF-␣ may prevent Treg-mediated suppression of effector T cell proliferation, 6, 15 although the interaction of both IL-6 and TNF-␣ on the suppressive functions of Tregs has not been examined. Hence, we examined whether IL-6, TNF-␣, or both altered the ability of Tregs to suppress effector T cell alloimmunity. First, we used an in vitro system in which Tregs (CD4 ϩ CD25 ϩ ) are added to CD3 activated effector (CD4 ϩ CD25 Ϫ ) T cells. Without addition of either IL-6 or TNF-␣, Tregs were highly effective at suppressing T cell proliferation ( Figure 5A ). When recombinant IL-6 was added to the culture, effector T cell proliferation increased and the degree of Treg-mediated suppression reduced by approximately 50% ( Figure 5A ). When TNF-␣ was added to the culture, T cell proliferation was not appreciably increased, but the degree of Treg-mediated suppression was nearly entirely abrogated (Figure 5A) . When both cytokines were added to the culture, the ability of Tregs to suppress effector T cell proliferation was completely repressed (Figure 5A) . Ϫ/Ϫ T cells (i.e., hyporesponsive to LPS) was to assess the ability of the CM (which contained LPS) to promote T cell proliferation independent of the effect of LPS on T cells. (C) Addition of both IL-6 and TNF-␣ to the MLR augmented T cell alloimmune responses as compared with T cells stimulated in standard media, devoid of cytokines (*P Ͻ 0.05). Addition of either cytokine augmented T cell alloimmune proliferation to a small degree, which was less than that induced by both cytokines (*P Ͻ 0.05).
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We next used an in vitro alloimmune T cell proliferation assay to examine the impact of IL-6, TNF-␣, or the combination of both on Treg-mediated suppression of effector T cells. In this assay, Tregs were added to cultures of effector T cells, which were stimulated with allogeneic APCs. Without the addition of either IL-6 or TNF-␣, Tregs were highly effective at reducing T effector cell alloimmune proliferation ( Figure 5B ). Tregs were able to induce suppression of effector T cells despite the addition of either IL-6 or TNF-␣ ( Figure 5B) ; however, when both cytokines were added to the culture, the ability of Tregs to induce effector T cell suppression was prevented completely ( Figure 5B ). These results indicate that IL-6 and TNF-␣ act synergistically to impair the suppressive functions of Tregs in this alloimmune assay.
These experiments in two different T cell proliferation assays demonstrate that non-T cell-derived IL-6 and TNF-␣ impair the ability of Tregs to mediate suppression of effector T cell proliferation. We next examined the importance of Tregderived IL-6 and TNF-␣ in the suppressive function of Tregs. Hence, we compared the ability WT and IL-6
Tregs to suppress effector T cell proliferation. We found that IL-6 Ϫ/Ϫ TNF-␣ Ϫ/Ϫ Tregs exhibited a similar ability to suppress effector T cell proliferation in comparison with WT Tregs (Figure 5C ). These data demonstrate that Treg-derived IL-6 and TNF-␣ are dispensable for the suppressive functions of Tregs.
IRAK-M
؊/؊ Macrophages Produce Augmented IL-6 and TNF-␣ upon TLR Activation, which Promotes T Cell Alloimmunity
The previous data indicate that both IL-6 and TNF-␣ synergize to promote T cell alloimmune responses, and also their absence synergizes with the administration of co-stimulatory blockade to promote skin allograft acceptance; therefore, one would predict that conditioned media derived from cells that produce excessive amounts of IL-6 and TNF-␣ would enhance T cell alloimmune responses. Furthermore, one would predict that hosts that have higher IL-6 and TNF-␣ responses would resist the effects of co-stimulatory blockade to extend allograft survival. To examine this, we first harvested conditioned media from LPS-activated IRAK-M Ϫ/Ϫ macrophages. Previous work indicated that these macrophages release elevated levels of IL-6 and TNF-␣ upon TLR activation, 16 which we confirmed (data not shown). Furthermore, other work has demonstrated that IRAK-M Ϫ/Ϫ mice mount an exaggerated inflammatory responses during sepsis. 17 We found that T cells that were cultured in media harvested from TLR-activated IRAK-M Ϫ/Ϫ macrophages had a greater T cell alloimmune proliferation compared with allostimulated T cells cultured in conditioned media harvested from TLR-activated WT macrophages ( Figure 6A ). This difference was abrogated by inhibition of either IL-6 or TNF-␣ using cytokinespecific antibodies ( Figure 6A ), indicating that the augmented T cell alloimmune response mediated by the IRAK-M Ϫ/Ϫ conditioned media was IL-6 or TNF-␣ dependent.
IRAK-M ؊/؊ Recipients Resist the Allograft-Prolonging Effects of Co-stimulatory Blockade
We next examined whether IRAK-M Ϫ/Ϫ recipients would resist the effects of co-stimulatory blockade to extend allograft survival. IRAK-M Ϫ/Ϫ recipients treated with CTLA-4 Ig and anti-CD154 rejected allografts at a faster rate compared with WT recipients that were similarly treated (Supplemental Figure 1) ; however, as a result of the rapid rate of graft rejection observed in this model, we were unable to measure a significant difference between IRAK-M Ϫ/Ϫ recipients and WT recipients (Supplemental Figure 1) . Thus, we used a different costimulatory blockade formulation, consisting of anti-CD45RB and anti-CD154, which has been shown to provide a longer allograft survival than the combination of CTLA-4 Ig and anti-CD154. 13, 18 The use of the alternative co-stimulatory blockade formulation extended the survival of the allograft on IRAK-M Ϫ/Ϫ recipients and provided us with a longer window to determine whether IRAK-M Ϫ/Ϫ recipients resist the allograft- prolonging effects of co-stimulatory blockade. As expected, we observed that IRAK-M Ϫ/Ϫ recipients exhibited an accelerated rate of allograft rejection compared with similarly treated WT recipients ( Figure 6B ). Furthermore, T cells harvested from IRAK-M Ϫ/Ϫ recipients had greater donor-specific IFN-␥ alloimmune responses compared with T cells harvested from WT recipients ( Figure 6C) ; therefore, recipients that are prone to heightened inflammatory responses resist the pro-allograft survival effects of co-stimulatory blockade.
DISCUSSION
Previous work indicated that increased levels of IL-6 and TNF-␣ are associated with acute allograft rejection 19, 20 ; however, it is not known whether IL-6 and TNF-␣ cooperate in preventing the induction of transplant tolerance. In this study, we found that IL-6 and TNF-␣ released into the inflammatory milieu, extrinsic to the effector T cell, enhanced T cell alloimmunity and allograft rejection. Importantly, we demonstrated that absence of both IL-6 and TNF-␣ in the recipient promoted allograft acceptance mediated by co-stimulatory blockade in the majority of transplant recipients. Thus, we provide evidence that these cytokines cooperate to impair the allograftprolonging effects of co-stimulatory blockade.
Our work and that of others have demonstrated that the ability of co-stimulatory blockade to induce indefinite allograft acceptance is dependent on the absence of MyD88, a key TLR signal adaptor protein. 1, 3 In particular, we demonstrated that the absence of MyD88 impaired the ability of DCs to produce recipients of BALB/c skin allografts that were treated perioperatively with anti-CD45RB and anti-CD154 rejected their allografts at a faster rate than similarly treated WT recipients (P ϭ 0.03, log rank). Both groups rejected their allografts at a similar rate when co-stimulatory blockade was not administered (data not shown). (C) Bulk purified T cells from recipient mice in B were harvested 21 d after transplantation and were re-stimulated with irradiated BALB/c or third-party CBA (H2 K ) APCs. IFN-␥ response was then measured via ELISPOT. T cells from IRAK-M Ϫ/Ϫ recipients exhibited an enhanced donor-specific IFN-␥ versus WT recipients (P ϭ 0.03; n ϭ 3 per group, two independent experiments).
BASIC RESEARCH www.jasn.org both IL-6 and TNF-␣ during acute allograft rejection. 1 MyD88-dependent cytokines augmented T cell alloimmunity and impaired the ability of Tregs to suppress T effector alloimmune proliferation. 1 Furthermore, co-stimulatory blockade mediated its effects in inducing enhanced allograft survival via Tregs. 14 In this study, we identified IL-6 and TNF-␣ as the MyD88-dependent inflammatory cytokines that cooperate to increase T effector alloimmunity and impair the suppressive function of Tregs. Overall, our work indicates that MyD88 signaling within recipient DCs induces the production of both IL-6 and TNF-␣ during allotransplantation, which impair the immune regulatory properties of co-stimulatory blockade. The importance of inflammatory-activated recipient DCs to impede transplantation tolerance should be examined in future studies.
Recent studies have demonstrated that administration of TLR ligands prevent the induction of transplantation tolerance. 3, 4, 21 In one study using CpG, a TLR9 agonist, the ability of CpG to impair co-stimulatory blockade-induced allograft acceptance was independent of IL-6. 21 This is in general agreement with our study that found that IL-6 played a minor role in impairing the effects of co-stimulatory blockade. It is not yet clear what the relevant TLR ligands are that are activated in the setting of organ transplantation. 22 It is possible that multiple ligands that use several inflammatory pathways are involved. This may be reflected in the model used in our study, which is dependent on MyD88, an adaptor downstream of multiple TLRs.
Anti-IL-6 and anti-TNF-␣ therapies have been used in clinical medicine, particularly for the treatment of autoimmune diseases. 23, 24 Hence, therapeutic tools that inhibit these cytokines are available and could be used in future clinical trials examining immunologic tolerance induction in organ transplantation; however, the use of such agents in immunosuppressed patients will require caution, because they may also alter host defense to pathogens. 25 Clearly, future clinical studies are warranted to address these important issues.
IL-6 in combination with TGF-␤, a cytokine, which can also be produced by Tregs, is sufficient to induce the generation of Th17-producing effector T cells. 26, 27 The role of IL-17 and Th17 T cell effectors in solid organ transplantation is not fully appreciated, although there is emerging evidence for a role of IL-17 inflammatory responses in acute and chronic lung rejection. 28 -30 Future studies are needed to examine the impact of IL-17 in transplantation tolerance induction.
Our study also found that IRAK-M Ϫ/Ϫ recipient animals, which produce elevated levels of IL-6 and TNF-␣, resisted the allograft-prolonging effects of two different co-stimulatory blockage formulations. Although the anti-CD45RB and anti-CD154 formulation may include a certain degree of T cell deletion, 31 it is possible that regulation also occurs with this approach, similar to the CTLA-4 Ig and anti-CD154 formulation. Because IRAK-M Ϫ/Ϫ recipients resisted the allograft-prolonging effects of both regimens, this indicates that the absence of the IRAK-M negative regulatory inflammatory pathway may apply to several therapies that have the potential to induce transplantation tolerance. IRAK-M is a negative regulator of TLR activation, 16 and a recent study indicated that an inactivating polymorphism of IRAK-M is associated with the pathogenesis of human asthma. 32 Our work suggests that such a polymorphism may predict transplant tolerance resistance in humans, which should be evaluated in a future clinical study.
In conclusion, our study has demonstrated that IL-6 and TNF-␣ cooperate to impede co-stimulatory blockade-induced allograft acceptance. This information may be useful for future clinical trials aimed at inducing immunologic tolerance of transplanted organs. Flavell (Yale University, New Haven, CT). C57BL/6 TLR4 Ϫ/Ϫ mice were provided by Dr. Akira (Osaka University, Osaka, Japan). All mice were kept in pathogen-free conditions. The Yale University Institutional Animal Care and Use Committee approved use of animals in this study. LPS from Salmonella Minnesota R595 was obtained from Alexis (San Diego, CA). Recombinant mouse IL-6 (used in vitro at 50 ng/ ml), TNF-␣ (used in vitro at 10 ng/ml), monoclonal rat anti-mouse IL-6 (used in vitro at 4 g/ml antibody, clone MP520F3), and rat IgG1 isotype control were obtained from R&D Systems (Minneapolis, MN). The neutralizing antibody to TNF (2E2 mAb) was obtained from the NCI BRB Preclinical Repository (Rockville, MD) and used at 2 g/ml, and hamster IgG isotype control was obtained from Biolegend (San Diego, CA). Anti-CD154, CTLA-4 Ig, and anti-CD45RB were purchased from BioXcell (West Lebanon, NH).
CONCISE METHODS
Mice and Reagents
Skin Transplantation and Ab Treatment
Full-thickness BALB/c skin was transplanted to the dorsum of C57BL/6 recipients as described previously. 1 Rejection was defined as complete loss of viable skin on visual inspection. Recipients received anti-CD154 (clone MR1, 500 g/mouse intraperitoneally on days 2, 4, 6, and 8 relative to transplantation) and CTLA-4 Ig (500 g/mouse intraperitoneally on day 2) or anti-CD45RB (clone HB220, 100 g intraperitoneally on days Ϫ1, 0, 1, 2, 5, and 8) and anti-CD154 (250 g intraperitoneally on days 0, 2, 6, and 8).
Cell Preparation and MLR
CD4
ϩ , CD8 ϩ , or bulk T cells were purified via negative selection (Ͼ95% purity) using EasySep T cell enrichment kit (StemCell Technologies, Vancouver, BC, Canada). Irradiated (28 Gy) allogeneic splenocytes were used as APCs. BMDCs were prepared in the presence of GM-CSF as per our previously published work. 33 After 4 d of cul-ture, the BMDCs were harvested and stimulated with 50 ng/ml LPS in complete Bruff's medium (Invitrogen, Carlsbad, CA). After 12 h, the supernatants were harvested and designated "conditioned medium." Control medium consisted of standard complete Bruff's medium supplemented with 50 ng/ml LPS in the absence of BMDCs. Irradiated whole allogeneic splenocytes (1 ϫ 10 5 ) were cultured with T cells (1 ϫ 10 5 ) per well for 3 d in 96-well plates in the indicated conditioned medium or control medium. For all experiments used to generate the conditioned medium, T cells were syngeneic to the BMDCs. At this point, [ 3 H]thymidine was added to the wells, and DNA was harvested and analyzed by a scintillation counter as an indicator of cell proliferation (PerkinElmer Life Science, Boston, MA). Other control wells included T effector cells without APCs, medium only, and APCs only. Thioglycollate-elicited peritoneal cells were prepared as previously published. 34 In certain experiments, supernatant from LPS-stimulated thioglycollate-elicited peritoneal cells were used as conditioned medium. To perform the in vitro Treg suppression assay, we purified 2 ϫ 10 4 C57BL/6 CD4 ϩ CD25 Ϫ T effectors cells via FACS, as previously reported, 1 and were subsequently stimulated by either soluble anti-CD3 (1 g/ml) or 2 ϫ 10 4 irradiated allogeneic (BALB/c) APCs with or without co-culture of FACS-purified 2 ϫ 10 4 (or indicated numbers) CD4 ϩ CD25 ϩ T cells for 96 h. Recombinant cytokines were added at the concentrations stated already. Cellular proliferation was measured as described already. Results are expressed as absolute counts per minute or the percentage suppression of T effector cell proliferation mediated by the presence of Tregs.
ELISPOT ELISPOT was performed as described previously. 1 To assess the T cell recall response after transplantation, we harvested recipient spleen cells at day 21 after transplantation, and bulk T, CD4 ϩ , and CD8 ϩ T cells were purified. T cells (1 ϫ 10 5 /well) and irradiated donor stimulator spleen cells (1 ϫ 10 5 /well) were plated overnight in 96-well ELISPOT plates coated with the Ab of interest. Plates were read on a CTL automatic ELISPOT reader and analyzed using Immunospot 3.1 software (CTL, Cleveland, OH).
Statistical Analysis
Repeated measures were evaluated with a two-way ANOVA. Comparison of means was analyzed by t test. Significance was evaluated at P Ͻ 0.05. Statistical analysis was performed on GraphPad Prism Software (San Diego, CA).
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